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There are two principal methods for the preparation of large
amounts of amino acids. Thefirstofthese is synthesis by a rich variety of
methods, some of which are the result of brilliant experimental work
performed duringthepastdecadebyAlbertson and Suter, Snyder, Dunn,
Marvel, and others. It is the purpose of this paper to consider several
aspects of the second principal method for the preparation of amino
acids, namely, their isolation from natural products. Historically, of
course, the isolation of amino acids antedated their synthesis. It was
Wollaston who, by his discovery in urinary calculi of what was later
called cystine, in 1810 initiated the efforts directed toward the isolation
of amino acids. The demonstration that this sulfur-containing amino
acid could be isolated upon hydrolysis of proteins came much later,
in 1899. The honor of being first recognized as protein constituents
fell rather to two other amino acids, glycine and leucine, which were
isolated in 1820 by Bracconot from a sulfuric acid hydrolysate of
gelatin. The material named leucine had also been obtained the year
before, in 1819, by Proust from an aqueous extract of fermented
gluten. These discoveries set the stage for the development of protein
chemistry and during the succeeding years, the methods introduced by
the early pioneers were notably extended by many investigators, among
whom are numbered such luminaries of science as Liebig, Ritthausen,
Schulze, and Emil Fischer.39
In principle, the procedures employed by these early workers for
the hydrolysis of proteins to their constituent amino acids are still in
use today. Thus, the acid hydrolysis of proteins, due to Bracconot, is
still the most widely applied method for the cleavage of proteins, al-
though the work of Bopp in 1849 and of Hlasewitz and Habermann
in 1873 led to the use of hydrochloric acid in place of the sulfuric
acid used by Bracconot. More recently, a valuable modification was
introduced by Blumenthal and Clarke8 which involves the use of
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mixtures of hydrochloric acid and formic acid for protein hydrolysis.
This method has been used to good advantage by Miller and du
Vigneaud8 in their studies onthehydrolysis ofinsulin. As iswellknown,
however, acid hydrolysis of proteins is accompanied by destruction of
certain important amino acids. Among these are tryptophan and, to
a lesser extent, the hydroxyamino acids serine and threonine. In addition
to acid hydrolysis, two other methods are available for the cleavage of
proteins. In 1839, Mulder demonstrated that amino acids could be
obtained by alkaline hydrolysis of proteins. Furthermore, the work of
Proust, which led to the isolation of leucine from fermented gluten,
anticipated more modern methods which involve the use of enzymes
for the cleavage of proteins. These three hydrolytic methods, involving
the use of acid, alkali, or enzymes, thus represent the available pro-
cedures for the ready conversion of proteins to their constituent amino
acids.
The hydrolysis of the peptide bonds of a protein, with the resultant
liberation of free amino acids, is, of course, only the first and least
difficult step in the isolation of amino acids. The hydrolysates obtained
from mostproteins represent complex mixtures of many different amino
acids and the separation of amino acids in pure form must be effected
from such complex mixtures. This problem has been attacked by many
protein chemists during the past fifty years in the hope of developing
methods forthe determination ofthe amino acidcompositionofproteins.
In the course of the search for accurate analytical methods for this
purpose, the early investigators, among whom Emil Fischer, Kossel,
Dakin, Foreman, and Van Slyke were especially outstanding, devised
procedures for the separation of individual amino acids present in
protein hydrolysates. These methods, which depend largely on direct
isolation of the individual amino acids, have given way in protein
analysis to the excellent techniques developed in recent years. It is not
within the province of this paper to discuss methods of protein analysis,
but it may be appropriate to call to mind several of these newer
analytical procedures, such as the isotope dilution method of Rittenberg
and Foster,31 the microbiological assay methods developed by Snell,
Dunn, and others,32 the amino acid decarboxylase method of Gale,20
the ion exchange methods of Cannan and others,10 the partition
chromatographic procedures introduced by Martin and Synge,26 and
the solubility product method of Bergmann, Stein, and Moore.29 In
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numerous more or less reliable procedures for individual amino acids,
such as the use of periodate for the estimation of serine and threonine,
colorimetric methods for histidine, tryptophan and tyrosine, and pre-
cipitation methods for arginine and histidine, among others. Excellent
discussions of these various methods have been presented recently at
aconference arranged by Stein fortheNew YorkAcademy ofSciences,33
in Chibnall's Procter Memorial Lecture," and in a review by Martin
and Synge.27
The reasons for the gradual abandonment of the direct isolation
methods for protein analysis lay, of course, in the difficulties which at-
tended the attempts at a quantitative separation of a particular amino
acid in pure form from a protein hydrolysate. However, despite their
failure to solve the problems of protein analysis, these isolation
methods have, in many cases, provided the basis for the procedures
which are employed today in the preparation of amino acids.
Before entering upon the discussion of the isolation of individual
amino acids, a brief digression from the main theme seems necessary.
As is well known, all of the accepted protein amino acids have been
synthesized, with the exception of hydroxylysine, whose presence in
gelatin and other proteins has been demonstrated only recently by
Van Slyke and his collaborators. In preparing appreciable amounts of
any given protein amino acid, there then arises the question as to the
relative merits of the two general procedures available for that amino
acid. In weighing the pros and cons of isolation versus synthesis, it
must be borne in mind, however, that the naturally occurring amino
acids, with the exception of glycine, are optically active and the amino
acids obtained from protein hydrolysates are of the I-configuration. The
amount of racemic product formed in the course of protein hydrolysis is
usually small and may be removed by recrystallization. The synthetic
methods, on the other hand, lead exclusively to the dl- or racemic form,
unless the method of synthesis involves the use of an optically active
amino acid as the starting material, and if no racemization occurs during
the synthesis. The chemical resolution of dl-amino acids to yield the
optically active enantiomorphs is frequently a task of some difficulty
and, at best, is time consuming. This situation has been relieved some-
whatby the introduction ofmethods of resolution which take advantage
of the stereochemical specificity of enzymes. In addition to the older
procedures developed by Ehrlich,"6 there is now the method of
Duschinsky,'5 in which the d-component of the racemate is selectively
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destroyed by d-amino acid oxidase. This procedure has been employed
successfully in the preparation of l-alanine and l-methionine. Another
enzymatic method involves the use of the proteolytic enzymes found in
papain, which catalyze the synthesis of acid amide linkages.'9 Thus dl-
glutamic acid may be resolved by conversion to the carbobenzoxy amino
acid, which is then incubated with aniline in the presence of papain.
There then results the precipitation of carbobenzoxy-l-glutamic acid
anilide and carbobenzoxy-d-glutamic acid is left in solution. In this case,
of course, principal interest attaches itself to the d-isomer, since the
l-glutamic acid is readily accessible by direct isolation from protein
hydrolysates. This general method has also been applied to the prepara-
tion of several other d-amino acids, such as d-serine and d-leucine.
This digression from our discussion- of methods of isolation of
amino acids was prompted by the fact that much of the recent research
on the biochemical behavior of amino acids and amino acid derivatives
has involved the use of dl-amino acids. Such experiments carry with
them the assumption that the biochemical fate of the i-form of an amino
acid or peptide is independent of the presence of the d-form. Only a
few scattered examples taken from the recent literature need to be cited
to illustrate this. For instance, in the microbiological assay methods for
I-amino acids, the use of dl-amino acids has been found to be justified
in several cases; however, the presence of the d-isomer may occasionally
interfere with the assay.32 Another example is proyided by the work
of Artom et al.2 which has shown recently thatdl-sArine causes patho-
logical lesions in rats and that such lesions are not noted on adminis-
tration of I-serine. The toxicity of the racemate has therefore been
attributed to the d-isomer. (The metabolism of d-amino acids has been
reviewed recently by Berg.3) It may be mentioned also that dl-peptides
have been used extensively in studies of the action of proteolytic
enzymes. This is to be deplored if unequivocal data are sought, since
it is abundantly clear that the presence of the d-form is frequently
inhibitory totheenzymatic actionon theI-antipode. Theseconsiderations
suggest, therefore, that the use of racemic amino acids in biochemical
studies must be carefully controlled and, if possible, is to be avoided.
We need then, in addition to the dl-amino acids provided by synthetic
methods, the optically active amino acids which may be isolated from
proteinhydrolysates.
Certain of the amino acids present no special problem in isolation
in pure form because of their satisfactory solubility properties. Thus,
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the isolation of /-cystine from acid hydrolysates of wool or hair is a
standard laboratory experiment in elementary biochemistry. Similarly,
the insolubility of l-tyrosine makes this an easy amino acid to isolate,
and the appreciable content of this amino acid in proteins such as
casein or corn gluten has made it available in adequate amounts.
Of special interest in this connection is the case of 1-glutamic acid
which is present in very high concentration in hydrolysates of most
plant proteins, in some cases representing 40 to 50 per cent of the
total amino acids. The use of its sodium salt as a meat-flavoring
condiment has led to the large scale manufacture of glutamic acid
from hydrolysates of plant proteins. The isolation is usually effected
by direct crystallization of glutamic acid hydrochloride from concen-
trated hydrochloric acid solutions.2'
A fourth amino acid which may be crystallized directly from protein
hydrolysates is l-leucine. It was mentioned above that leucine was one
of the first amino acids isolated from a protein hydrolysate, in the work
of Bracconot in 1820. Leucine is precipitated with the insoluble amino
acids when a protein hydrolysate is neutralized. Partial purification of
the amino acid may be achieved by recrystallization from ammonium
hydroxide. However, such preparations of leucine are frequently not
pure and may contain as impurities varying amounts of other amino
acids, notably /-methionine and /-isoleucine. The removal of these im-
purities is essential if l-leucine is required in experiments to determine
the biochemical effect of this amino acid.
The majority of the amino acids formed on hydrolytic cleavage of
proteins cannot, however, be isolated so easily. To separate these amino
acids several excellent methods have been devised.
The isolation method of the most general applicability has grown
out of the discovery by a number of investigators that the basic amino
acids could be precipitated by aromatic sulfonic acids. The most im-
portant of these early studies was that of Kossel and Gross24 who
showed, in 1924, that/-arginine forms a highly insoluble salt with 2, 4-
dinitro-1-naphthol-7-sulfonic acid or, as they called it, flavianic acid.
During the succeeding decade the value of this reagent for the isolation
of l-arginine from protein hydrolysates was clearly established. The
most reliable method for making pure l-arginine is perhaps that based
on the work of Bergmann and Zervas6 who combined the precipitation
of arginine flavianate with the conversion of the arginine thus obtained
into an insoluble benzylidene derivative. Decomposition of this
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benzylidene compound gives l-arginine hydrochloride of excellent
quality. Brand and Sandberg9 have provided a detailed description of a
modification of this method.
We owe to Bergmann, Stein, and their collaborators the clear
recognition of the fact that the amino acid precipitant discovered in
flavianic acid was only one member of a very large group of structurally
related substances which could be used to precipitate amino acids.5 14,84
In the course of their studies over 100 aromatic sulfonic acids were
tested for their ability to precipitate the known protein amino acids.
In order to assay quantitatively the value of each sulfonic acid as an
amino acid precipitant determinations were performed of the solubility
product of the salts obtained. For example, the solubility product of the
salt obtained on precipitation of l-phenylalanine by means of naphtha-
lene-2-sulfonic acid in 0.5 N hydrochloric acid at 00 is expressed as the
product of the molar concentrations of the amino acid and sulfonic acid
ions and is 3 x 10-4. When converted to a weight basis, this value in-
dicates that at 00, 100 cc. of 0.5 N hydrochloric acid dissolves 0.65
per cent of the salt. In general, a solubility product of 4 x 106 corre-
sponds to a solubility of about 0.1 per cent, while a solubility product of
TABLE 1
SOLUBILITY PRODUCTS OF AMINO ACID SALTS OF AROMATIC SULFONIC ACIDS
Amino acid p-Chloro- p-lodo- 2-Bvomo- 2.5-Di- 5-Nitro- Azoben- P-H1'oxf- benzene- beuzena. tolmne-5- bromo- napb:ba- zene-p zob
benzene- lena-l
I-Alanine 4x10-4 2xWV3
I-Arginine 2.5x10-5 1.6x106 2x10-8 2x108
I-Aspartic acid
l-Glutamic acid 1x10`6 4x10-3
Glycine 5.2x10-4 2x10-4 lxl04
l-Histidine 2xl0-4 2.5x10-5 6.1x10-5 3xl0-8 2x10-9
l-Hydroxyproline 8.7xl0-4
l-Isoleucine 4x10-4
l-Leucine 3.3x10-2 2.8x10-3 9.3x10-4 5.7x10-3 1.3x10-2 8x10-5 3x104
l-Lysine 2.5x10-5 Jx10-7 3x10-8
dl-Methionine JxJO-2 1.6x10-3 6x10-5 2x10o4
l-Phenylalanine 1.2x10-2 4.2x10-4 x10-3 3.2x10-5 6.7x10`6 1x10-5 6x106
l-Proline 3xl104
J-Serine 2xl104
l-Tyrosine 5.1x10-3 1.7x103 1x104
l-Valine J__ _ _ _ _ _ _ _ _ _ _ _ _ XJO-4 _ _ _ _
The solubilities were determined in N HCI at 0°C.
Where no value is given, the solubility product was found to be greater than 4x10V.
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4 x 10`2 is equivalent to a solubility of about 10 per cent. In table 1,
there are presented a portion of the considerable body of data available
on the solubility products of amino acid salts of aromatic sulfonic acids.
Although it was once thought that these precipitants were primarily
useful for separation of the basic amino acids, it will be noted from
the table that the monoamino monocarboxylic acids leucine and
phenylalanine form sparingly soluble salts with more sulfonic acids
thandothebasicamino acids. Itwould appear,therefore, thatthebasicity
of the amino acid is not necessarily the factor which determines the
solubility of these salts. On the basis of data such as those presented in
table 1, it is possible to choose suitable reagents for the precipitation
of amino acids from mixtures such as those encountered in protein
hydrolysates. In making this choice, one must, of course, select sulfonic
acids which show considerable discrimination among the amino acids
present in the mixture. This choice is not always an easy one, since no
aromatic sulfonic acid has yet been found which will precipitate selec-
tively and quantitatively a single amino acid from the complex mixture
of amino acids found in a protein hydrolysate. Usually, a sulfonic acid
which readily precipitates one amino acid also forms insoluble salts
with several other amino acids. However, if one is willing to sacrifice
completeness of precipitation for increased selectivity, and a resultant
increased purity, conditions may be found for the successful use of these
reagents for amino acid isolation. The method is especially useful if a
series of sulfonic acids is applied, and individual amino acids are suc-
cessively removed by the addition of a different reagent.
Astrikingexample ofthisprocedure was provided in the isolation of
the amino acids /-alanine and l-serine from hydrolysates of silk fibroin.34
Silk fibroin is an especially favorable source of these two amino acids
since it contains, in addition to 44 per cent glycine and 12 per cent
tyrosine, about 30 per cent alanine and about 14 per cent serine.35
These four amino acids account, therefore, for about 85 per cent of
the protein and the other amino acids are not present in the hydrolysate
in sufficient amounts to interfere with the isolation. In order to obtain
the alanine and serine, however, it is necessary first to remove the
tyrosine and glycine. I-Tyrosine, as was noted before, may be separated
from the neutralized hydrolysate because of its insolubility, and glycine
is thenprecipitatedselectivelybymeansof 5-nitronaphthalene-1-sulfonic
acid. From the filtrate, alanine is precipitated by the addition of azoben-
zene-p-sulfonic acid. Finally, serine is obtained by precipitation as a
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salt of p-hydroxyazobenzene-p'-sulfonic acid. The free amino acids
can then be prepared by the addition of barium ions to the sulfonic
acid salts. The insoluble barium salts of the sulfonic acids thus obtained
are available for conversion to the free acids which can be used once
more for selective precipitation work.
In thepreparation ofl-serine, an amino acid has been made available
which, until recently, belonged to the group of rare chemicals. By the
method outlined above, about 100 grams of this amino acid may be
obtained per kilo of silk fibroin. In addition, about 250 grams of
l-alanine are isolated in this procedure. Although the racemic forms
of both of these amino acids are readily accessible by synthesis, in the
light of our previous discussion of the importance for biochemical
research of the optically active amino acids, it is obvious that methods
for the isolation of these amino acids are of considerable value to
protein chemistry.
It was noted earlier that the amino acids /-leucine and l-phenyl-
alanine were outstanding in their ability to form sparingly soluble salts
with aromatic sulfonic acids. This property may be utilized to
good advantage in the preparation of pure samples of these two amino
acids from protein hydrolysates. For example, I-leucine and /-phenyl-
alanine appear in the insoluble fraction obtained on neutralization of
an acid hydrolysate of hemoglobin. From this fraction, I-leucine may be
obtained by selective precipitation as a salt of 2-bromotoluene-5-sulfonic
acid, and, from the filtrate, I-phenylalanine is precipitated by means of
2, 5-dibromobenzenesulfonic acid. This procedure is largely useful as a
method for the preparation of /-phenylalanine for, although the
synthesis of the racemic phenylalanine is one of the simpler amino acid
syntheses in the literature, the resolution of the dl-amino acid is costly.
In the case of l-leucine, it will be recalled that this amino acid is
available commercially in appreciable amounts and may be obtained
from hydrolysates of gluten proteins. However, the material currently
available usually contains other amino acids as impurities. If the pure
l-leucine is desired, its preparation may be readily effected by the
addition of selective precipitants such as naphthalene-2-sulfonic acid5
or 2-bromotoluene-5-sulfonic acid to solutions of the crude product.
Still another example of the successful use of aromatic sulfonic
acids in the isolation of amino acids is found in the case of the prepara-
tion of /-histidine from hemoglobin by Vickery."7 This amino acid
was precipitated selectively from the protein hydrolysate by the addi-
tion of 3, 4-dichlorobenzenesulfonic acid.
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Enough has been said about the aromatic sulfonic acids to indicate
their value for the isolation of amino acids from protein hydrolysates.
It is safe to say that their potentialities have by no means been explored
fully and it may be hoped that the continued study of these reagents
will yield practical methods for the isolation of certain of the important
amino acids whose preparation from protein hydrolysates still presents
some difficulty. The value of the sulfonic acids for the isolation of
peptides from partial hydrolysates of silk fibroin has been demonstrated
recently.35 It should be added also that the knowledge gained in the
study of the sulfonic acids as amino acid precipitants has been applied
to the isolation of organic bases other than amino acids and peptides. In
particular, these reagents have proved to be of considerable value dur-
ing wartime research on the chemistry of the nitrogen mustard gases.37
It is clear, therefore, that the aromatic sulfonic acids represent a group
of reagents which richly merit continued study.
In addition to the aromatic sulfonic acids there are several other
precipitants which have been applied to the isolation of amino acids.
Mention was made above of the isolation of /-arginine by precipitation
with flavianic acid. Another of the basic amino acids, I-lysine, may be
isolated readily from protein hydrolysates by precipitation with another
strong aromatic acid, namely picric acid. Rice has described30 an ex-
cellent method for the preparation of /-lysine monohydrochloride after
precipitation of the amino acid picrate from neutralized hydrolysates of
crude hemoglobin. Apparently this procedure fails to work with gelatin
hydrolysates and a somewhatmorecomplex method mustbe employed.25
The filtrate from the precipitation of lysine may then be used for
the preparation of the third of the basic amino acids, l-histidine. In
addition to the method ofVickery,37 there is the procedure involving the
use of the classical precipitant for bases, mercuric chloride. This method
has been described recently by Foster and Shemin" and by Gilson22
and gives preparations of 1-histidine monohydrochloride monohydrate
of high purity. It should be mentioned that prior removal of lysine is
not essential for the mercury precipitation of histidine.
With regard to the basic amino acids, special mention should be
made of the electrical transport method for their separation from a pro-
tein hydrolysate. This method was developed principally by Foster and
Schmidt"8 and has been used successfully in recent years for protein
analysis by Albanese' and by Macpherson in Chibnall's laboratory."
In addition to the electrical transport method of Foster and Schmidt,
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there is now another group separation method for the basic amino acids.
This involves the use of the ion exchange resins as described by Block.7
Of course, in both the electrical transport and ion exchange methods,
thefinal separation of the individual basic amino acids from one another
requiresprecipitation byoneofthe reagents referred to earlier.
Mention of the use of mercuric salts as amino acid pcecipitants
brings to mind the isolation of the amino acid l-tryptophan. Despite
the growing interest in the biochemical role of this amino acid, there
have been few fundamental improvements in the method of its isolation
since the classical work of Hopkins and Cole in 1903 and of Dakin in
1918. A detailed description of the procedure has been presented by
Cox and King12 and involves two points of special interest. In the first
place, the hydrolysis of the protein, in this case casein, is effected by
means ofcommercial pancreatin, since acid hydrolysis causes the destruc-
tion of the amino acid. The second fact of interest is that the tryptophan
obtained by precipitation with mercuric sulfate is purified by extraction
with butyl alcohol. In view of the modest content of tryptophan in
proteins, the yield in this isolation procedure is not great, and l-trypto-
phan is therefore a costly substance. It may well be that enzymatic
resolution of the synthetic material, which can now be prepared in
appreciable quantities, will provide a more satisfactory means for the
preparation of the optically active amino acid. However, such a resolu-
tion method, to the author's knowledge, has not yet been described.
Mention has been made earlier of the contributions of Bergmann
to theproblemoftheisolation ofamino acids. In addition to the develop-
ment of general methods based on the use of aromatic sulfonic acids,
we owe to his efforts a number of other specific reagents for amino
acids, and in particular, a valuable reagent for l-proline. In 1927,
Kapfhammer and Eck23 had used one of the Werner complex salts,
ammonium Reineckate, to precipitate proline and hydroxyproline from
a hydrolysate of gelatin, in which they are present in appreciable
amounts. The addition of the Reinecke salt to the hydrolysate led, how-
ever, to the simultaneous precipitation of both amino acids, and a com-
plex procedure was required for their separation. Bergmann proceeded
to develop a reagent related structurally to Reinecke salt, but in which
the two ammonia groups in the complex ion were replaced by aniline
groups. This new reagent, named rhodanilic acid, precipitates proline
selectively from gelatin hydrolysates, and the resulting proline
rhodanilate may be readily decomposed by the addition of pyridine.4
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The pyridine rhodanilate can be reconverted to the ammonium salt and
thus be made available for further isolations of proline. The solubility
of l-proline in absolute alcohol makes possible the easy purification of
this amino acid. If, to the filtrates from the precipitation of proline as
the rhodanilate, there is now added ammonium Reineckate, hydroxypro-
line may be separated. After several recrystallizations, this amino acid
may also be obtained in a state of high purity. It might be added that,
in addition to gelatin, wheat gluten has a relatively high proline content
and therefore may provide another abundant source of this amino acid.
In what has gone before, an attempt has been made to outline some
of the methods which are available for the isolation of amino acids
from protein hydrolysates. It may be appropriate to recall at this point
that extracts of several plants may contain appreciable quantities of
free amino acids and that, in some cases, amino acids may be isolated
from such extracts. Perhaps the best example is that of /-asparagine.
Hydrolysis of the amide group leads to /-aspartic acid, and thus provides
the most satisfactory method for the preparation of this amino acid.
Closely related to asparagine is the amide 1-glutamine, which may also
be isolated from plant extracts. However, the fragility of the amide
linkage in glutamine requires that the isolation be conducted with
great care. In addition to the detailed description for the isolation of
this substance from beets byVickery et al.,38 there are available synthetic
methods which lead to the optically active amino acid, since they use
l-glutamic acid as the starting material. It might be added that the
current interest in the r6le of/-glutamine in the physiology, not only of
plants andmicroorganisms, butof animals as well, has placed a strain on
the available supplies of this substance.
In this survey of the available methods for the isolation of amino
acids, no mention has been made thus far of procedures for the prepa-
ration of four important members of this group, namely l-valine,
l-isoleucine, /-threonine and /-methionine. In the case of l-valine and
l-isoleucine, the hope may be expressed that satisfactory methods,
perhaps involving selective precipitants, will be developed for the
isolation of these two amino acids from protein hydrolysates. The
presence of about 9 per cent of valine in hemoglobin and of about 6
per cent of isoleucine in casein suggests these proteins as possible
starting materials. In any event, good methods for the isolation of
valine and isoleucine are sorely needed, and pending the availability
of such methods it may be necessary to look to the resolution of the
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synthetic amino acids for supplies of the optically active amino acids.
It might be mentioned that Ehrlich in 1903 obtained l-isoleucine from
beet-sugar molasses, thus providing another example of the direct
isolation of an amino acid without prior protein hydrolysis.
In the case of l-methionine and l-threonine, the relatively low
content of these amino acids in most readily available proteins makes
isolation from protein hydrolysates a formidable task. The procedure
employed by Mueller in 1923 for the preparation of l-methionine from
an acid hydrolysate of casein still provides the basis for present-day
methods for the isolation of this amino acid. He employed precipitation
with mercuric sulfate from a neutralized hydrolysate and the yield of
pure amino acid thus obtained represented about 0.3 per cent of the
casein. At the present state of our knowledge, a better method for the
preparation of /-methionine appears to be the resolution of the synthetic
material by means of d-amino acid oxidase, in view of the ready
availability of dl-methionine at relatively low cost, and also because
d-amino acid oxidase attacks d-methionine especially rapidly.15
What has been said about the isolation of l-methionine applies
with equal force in the case of l-threonine. Here again the preparation
of the optically active amino acid will involve the resolution of the
dl-amino acid obtained by synthesis.
An attempt has been made to summarize the discussion by listing in
tabular form, the methods which have proved of value in amino acid
isolation work (cf. table 2). One may hope that future developments
in the field of protein chemistry will provide new and better methods
for the isolation of amino acids. In particular, recent work by Cassidy,40
Tiselius,36 and others on the selective absorption of amino acids suggests
that it may be possible to apply such techniques to the large scale isola-
tion of these substances.
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TABLE 2
METHODS OF PREPARATION OF AMINO ACIDS
Amino acid
l-Alanine
I-Arginine
l-Asparagine
l-Aspartic acid
l-Cystine
I-Glutamic acid
l-Glutamine
Glycine
l-Histidine
l-Hydroxyproline
l-Isoleucine
l-Leucine
l-Lysine
l-Methionine
l-Phenylalanine
l-Proline
l-Serine
l-Threonine
l-Tryptophan
l-Tyrosine
I-Valine
Preferred method of preparation
Isolation from silk fibroin hydrolysate
(azobenzenesulfonic acid).
Synthesis and enzymatic resolution.
Isolation from gelatin hydrolysate (flavianic
acid and benzylidene derivative).
Isolation from plant extracts.
Hydrolysis of l-asparagine.
Isolation from keratin hydrolysate.
Isolation from hydrolysate ofgluten proteins
(crystallization of hydrochloride).
Isolation from plant extracts.
Synthesis froml-glutamic acid.
Synthesis.
Isolation from hemoglobin hydrolysate (3, 4-
dichlorobenzenesulfonic acid or mercuric sulfate).
Isolation fromgelatin hydrolysate (Reineckate).
Synthesis and resolution.
Isolation from beet-sugar molasses.
Isolation from hydrolysate of gluten proteins
(precipitation by adjustment of salt concentration
andpH, purification with aromatic sulfonic acids).
Isolation from hemoglobin hydrolysate (picric acid).
Synthesis and enzymatic resolution.
Isolation from hemoglobin hydrolysate (2, 5-
dibromobenzenesulfonic acid).
Isolation from gelatin hydrolysate (rhodanilate).
Isolation from silk fibroin hydrolysate
(p-hydroxyazobenzenesulfonic acid).
Synthesis and resolution.
Isolation from enzymatic hydrolysate of casein
(mercuric sulfate).
Synthesis and resolution.
Isolation from hydrolysate ofgluten proteins
(isoelectric precipitation).
Synthesis and resolution.
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ADDENDUM IN PROOF: Since the preparation of this paper, there has appeared
the report of the Editorial Board of the Journal of Biological Chemistry on the
nomenclature of the amino acids (Vickery, H. B.: J. Biol. Chem., 1947, 169, 237). The
reader is also referred to a recent comprehensive review on the isolation and synthesis of
amino acids by M. S. Dunn and L. B. Rockland (Adv. Protein Chem., 1947, 3, 295).